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The  High  Pressure  Nervous  Syndrome  (HPNS)  is  a condition  found 
m deep  diving  in  excess  of  400  feet  {13  ATA)  whilst  breathing 
oxygen-helium  It  is  characterized  by  tremors,  an  increase  in 
theta  activity  (4-7  c/sec)  in  the  electroencephalogram  (LEG)  ac- 
companied by  a depression  of  faster  activities  and  if  sufficiently 
sc  are,  lapses  of  consciousness  . In  animals, 

convulsions  occur,  but  to  date  these  have  not  been  seen  in  man 

The  HPNS  is  a complex  phenomenon  comprised  of  effects,  some  of 
which  are  a function  of  the  hydrostatic  pressure.  Others  seem 
due  to  a complex  combination  of  the  two.  This  paper  will  des- 
cribe briefly  seme  of  the  relevant  factors  responsible  for  the 
HPNS  in  saturation  and  excursion  divine. 
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TV.'.-  II  a!i  ?‘:e*>urc  Nfn-in  Sjitii.'ur  (ilt'N'Sj 
is  a condition  found  in  deep  diving  in  excess  of 
400  feet  (13  ATA)  whilst  breathing  oxygen- 
helium  It  is  characterized  by  tiemors,  an  in 
crease  in  theta  activity  (4  7 e /se<")  in  the 
electroencephalogram  (EEC)  accompanied  by  a 
dep:e>  ton  of  faster  activities  and  if  sufficiently 
severe,  lap. c>  of  consciousness  (I,  -1,  5,  I 1).  In 
corwul.ions  occur,  but  to  date  these 
is.  e not  been  seen  in  man  (7). 

The  HP  NS  is  a complex  phenomenon  com- 
pel.rd  r,i  effects,  some  of  which  correlate  with 
the  rate  of  compiession  and  othes  which  arc  a 
timet  ior.  os  the  hydrostatic  pressure.  Othcis 
• •;em  ^ > a complex  combination  of  the  two. 

describe  briefly  some  of  the 
:;levar.:  :.•>  ton  responsible  for  the  1IPNS  in 
saturation  and  excursion  diving. 


SaUtr.’Hintr  dives 

7 '<  r»i  wi 

i 1 ?(>.'•.  . .-■  ...  fit  ;h<  1 and*,  wms  and  torso 
■re  icpvrt-.i  a)  i-i  .objects  compressed  :ti 
: 'j 0 to  Gti..  and  SOtl  f:  and  quart- 

•-.s-d  b.  o'.a.'lr.;  test  which  require, 

■t.bjv  •••  ■■  •.  :r>'..:i!  be  ring,  with  tweezer. 
>•!-  * : . ..  . ; tlsc  samu diameter. 

:.  ■••nh.  .'  ,;  and  Schreiner  (12) 
ci.v.  .■  til.  alt  .n  I 'it,  5 , observed  one 
..  j - i ! ttemor  of  both  hands 

and  ••■!  tut*  oii:er,  i rerr.or  of  the  hands, 

i'.al'-.  ik-.-'i  a ,'t:t*nHjj;r.iph‘'  to 

•• , w:>ii  a frequcsicy  of 
h .liC.'cu  t"  the  upper  extremities. 

■"*  ”,  h.  ef  jaw.  Will  pow  c: 

a • v.:p;.r  ..  ti.v  tremors  to  some 

e.sie: ” .'  y er-pee. ■ d moie  commonly  in 

dry  dj.e.  ' ;fT  ilian  in  the  wts. 

t.h:  ■ r.  i i the  rise  in  urn- 

r>~;  • r i. 


f!:- 


finger.  So:.,  his  permitted  also  a study  of  the 
frequency  o!  the  tremor.  A useful  classification 
of  tremor  is  that  of  Brumlik  and  Yap  (8)  into 
Re.t  Tremor,  1‘ostural  Tremor  and  Intentional 
Tremor  which  includes  normal  and  abnormal 
expressions  of  these. 

All  normal  tremors,  on  frequency  analysis, 
show  a laigc  frequency  component  between 
-6-IL!  c/s'-c  whereat  Parkinsons  a"d  cerebelljr 
disease  has  a rest  peal;  frequency  of  3-8  e/sec. 
A postural  tremor  of  8— 12  c/sec,  as  found  with 
the  HPNS,  is  found  also  in  alcoholism  and 
thyrotoxicosis  and  during  the  shivering  of  cold. 

Whilst  tremor  may  not  be  very  incapaci- 
tating, it  is  an  important  early  sign  of  the  MPNS 
and  may  be  the  ,'  rst  warning  that  th  : rate  of 
compression  for  the  depth  desired  is  too  fast, 
before  other  more  serious  HPXS  changes  are 
seen,  such  as  in  the  electroencephalogram 
(F.F.C).  To  prevent  tremors,  the  deeper  the 
depth  the  slower  must  be  (.-impression. 


F.tairv  «■«€  tfiht.l-igram 

Measurement  of  the  F.LG  w-:»*  out  on-line  fre- 
quency analysis  may  shoe.-  little  change  on 
visual  appraisal  unless  the  HPNS  is  severe. 
Graphic  representation  of  on-line  EEC  fre- 
quency analysis,  as  in  the  1500  ft.  British 
experiment  (4)  especially  at  depths  of  600  ft 
and  greater,  wilt,  the  eyts  open,  show,  however, 
there  i>  a compression  induced  rise  in  the;  i 
zitnirs  i,4  t>  c/sec)  which  once  elicited  com. 
tinues  for  C hours,  regardless  of  the  fact  that 
compression  has  ceased,  and  'hen  falls  r o mof 
nornial  values  over  a further  12  h mi*,  lx 
addition,  there  may  well  he  a re. be  ri  ' "• 
remaining  Et.G  ..ctisity, 

'I  hi*  depression  of  rite  s-lv*  !»•••  •<•  " 1 

th**  hr.iui  i>  <ei-n  •d,,>  *’* 


—•i1: 
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•'  ; fri.*: i-  ■'.*  ; .11  !•,.!•■  ,i: 

Lily  sensitive  in  kLiiIi^  int;  > ! ■ c picv.*in  «•  ol 
HI'NS  exc-pt  |'ul(.|n  for  tin'  li.ill  Li.iiinj  idi. 
Iniclleciu jl  liiii  usually  .ire  unaffected.  I.'ovv- 
tier,  when  (lie  HI'NS  ii  more  sticif,  .ti  during 
compression*  of  -it)  '.>t<  fl/riin  to  000  and  SOn 
fi,  then  rnuii.il  impairment  floes  cncnr  at 
compauicd  liv  (li/rinos,  nausea  aril  sccncliiiH* 
vomiting  (2). 

The  performance  -lei  lenient  norm. illy  is  tilt 
result  of  the  hand  u tniurs  and  so  hr  reverse  of 
inert  gas  narcosis  wish  |isycliomi>tnr  tashs  most 
affected  and  inlellei tiul  performance  less  or 
not  at  all  (5). 

Using  tremor,  KLC  and  pcriormance  as  indi- 
cators of  the  lir.N'S,  the  utc  of  compression  in 
deep  saturation  o\ygen  heliuin  discs  has  been 
reduced  significantly  tn  ameliorate  the  silins 
ar.d  sympl-nns  of  1IPNS  found  with  early  100 
fi/min  rates  (2,  3),  to  such  values  as  16.7  ft/min 
with  stages  to  1500  ft  (-4,  5),  to  the  teclirsit|uc 
of  a slower  and  slower  compression  speed  also 
w ; • h stages  to  permit  adaptation.  In  the  Frensli 
>agittaire  II  experiment  to  1640  ft  the  com- 
picssion  decreased  to  a final  rate  of  14  fl/hour. 

1 hus  compression  profiles  to  great  depths  now 
look  like  those  nf  decompression. 

Excursion! 

Now  it  has  been  observed  th  it  decompression 
from  excursion  dives  permits  quite  large  ex- 
cursions from  a saturation  depth  without  the 
need  for  stops  (0)  and  in  the  same  way  ex- 
t ursi-m  di'  cs  rn,.y  jiruvut-*  one  « i*y  to  dive  deep 
with  fait  conqiressions  but  without  undue 
HI'NS.  Tie  ier'inique  involves  simv  com- 
pression to  a saturation  depth,  as  described 
previously,  followed  bv  a fjst  compression  some 
hours  later  to  the  work  deptn  some  150  ft,  or 
so  deeper  ,-i  rales  which  would  r.oi  be  possible 
from  the  surf  i-  e.  With  smh  techniques  ii  inav 

• • •*■  ■■  it  -i . >.*  i 

I * • 

cscuisivris  Iron.  10?"  :t.  to  I !•'■  *ti  ii  - : 

or  not  HI'NS  would  lesull  with  'i.n..l.c*il  i.itrs 
of  compression  of  !>t)  fi  'min.  1 c. • \-- cc . r , has  set 
to  be  ascertained. 

Benm  tl  and  1 osvsc  (0)  slmhul  r *>i  * of  1 0 0 


fl.'utiit  v.ith  L'il.'SlI  o*  \ ;s  ii/hebnia  u:i  1.1. 1,, 
(lento!  .on!  pt  i fo!i!i.u.c  e ai  ilvj.lils  "dVJ  !l 

aii.i  uoi.o  . :j ■ ? • •*.*.  vri,  o!:-;  i Isf 

inicuts  with  i oiujires-.iiiu  t.iics  ol  :i  siinilai 
magnitude  in  liMlt  It,  lot)  It  anil  506  ft  is  nil 
IU/00  oxygen  hi  1 1 ii  mi  • I nl  show  tome  dci  rcmuii 
in  jisyclioutotor  tc  sis  as  i sidem  < J by  ihe  cm  nr- 
leuce  ol  treumrs  (3).  Oilier  studies  indicated 
that  50  ft/min  to  bt'O  I:  br -atiiiug  5 '9.5  oxy- 
gen licliiiia  will  cvul  « llt'.NS  (I)  as  indeed  will 
the  slower  rate  of  15."  Ii/mm  as  shown  in  the 
ftrst  stage  ol  com;  re  ic-i  to  I >00  ft  and  also 
in  the  subsequent  i cuiqucssions  afier  21-hour 
stages  from  600  fi  in  1000  ft,  1000  ft  to  1300 
ft  and  1300  ft  in  1500  ft  {4,  3}  and  in  direct 
compression  to  10C0  ft  (10),  Indeed  even  rates 
as  slow  as  3.3  ft/rr-  t to  Sol'  ft  ae  in  the 
e.xpri intent  at  New  London  f!4)  elicited  the 
classic  LEG  changes  of  lll'NS  at  400  ft  and 
deeper. 

During  the  Liter  study. excursions  were  made 
from  SOO  ft  to  1 1 12  fi  end  .300  ft  to  H 30  ft 
at  27  and  28  ft/min  topee  lively.  These  re-silted 
in  weakness  and  slight  uemois  but  no  »-::iuus 
increase  in  the  EL.G  i lunges  already  elici’cd.  A 
slower  rale  of  17  ft 'mitt  a day  later  d:  ' i o; 
piocluce  tremor.  Nor  did  the  very  5irnil.11  r.-tc  of 
16.7  ft/min  us-.-d  by  Kuhltnai.  el  al.  fib-  in 
excursions  from  1000  fi  to  1150  ft  However, 
the  results  of  ihe  RNPL  1500  ft  dive  suggest 
that  in  some  individuals,  at  least,  a rate  e»i  16.7 
ft/min  from  1000  ft  to  only  1100  ft  arid  1360 
ft  to  1400  ft  will  cause  EEC  changes  and 
tremor  (4,  5). 

/>/■<■•!  H7>rF  1000 

In  Janutry  1973,  at  Duke  University  Hyper- 
baric Facility  during  a coordinated  experiment 
by  many  groups  including  Harbor  Branch, 
Oce.mceiing  Inc.  and  University  of  Florida, 
known  as  Deep  Work  1000,  six  men  were 
exposed  10  K70  ft  luc.irhing  O.lf*  AT.V  O;  and 
the  ii-iuair.dcr  helium. 

• • 1 vtn  f-  Vli*.  -!•«.<•.  5 

•'  b w'u  .t ■ ,.-s  ■:  : ; 

!.'■  .i.-iu.cs  ,:i  ,.ni  .-  *.  si  U,  .i.-.d  4.">.i  ,;.  i*,c 

■sight  was  vpi  nl  at  430  It  and  tompicsvion 
'lari.-i!  again  uexi  day  :tl  III  ft, '.min  to  600  ft 
where  a six  hour  15  minute  slop  was  made  prior 
in  <i>i*.i|iresvinii  in  x7u  ft  at  2 ft/min. 
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F‘f . 1.  iK't  riii.r.  tr( nor  r,  i„Hi  after  c onptt-ainK  from  S70  ft  to  1000  ft  ut  100  ft; min,  -•>  I'^oificant  increose 
!•:  #.VVs  l < —••  • /’fluency  (S  12  t/i€c}  mc\  he  lern  clthnu;h  th  r,  nre  tome  sir-it'.  iifu'ctei  on  n.ehinj  1000 

ft  tip'  ;>  1.9,’. .{  Hit. 


Three  (.•!  the  j abject*  from  Occanrcrin"  Ir.c. 
made  ■hree  on  separate  days  from 

this  i ■ !000ft  at  16.7ft/min, 

50  f:  -r.d  U‘0  ft-min.  Measurements  west 

made  n::  r ird  postural  tremor  t>y 

. iLf.  perfoimance  by  the  ball 
Bear..:.  t e . I'ur ' Fv i Board,  Arithmetic  IGS 
::  0 - ;.vJ  v Ucthsler  Bellevue  Di-ait 

*. . ::  •.*_.•  ! the  pirs'i-.iiis  saturat*.  in 

dive..  !n  ac.'tbtion.  a time  estimation  study  and 
s!e*p  ft.'.  T.ea*u:em*::ts  were  made  together 
wm  s;udv  a p;pe  pu/de  and  the  Bennett 
i.r."  . . uc.dene.t'.cr.  The  pel fuintame 

test  ;r.  o.i  at  depth  and  the  l ist 

tv-.*:  • t'.tr:  vf  ss.».  hour  exposure. 

V : :.t  : . measurements  iluntt'; 

tv  ! :i,  •••  : i‘ 


This  peak  disappeared  during  compression 
sshen  the  more  usual  10  e/sec  peak  made  its 
appearance  and  maybe  is  a function  of  tension 
prior  to  compression.  In  the  100  ft/min  com- 
pression there  seas  again  a suggestion  of  the  5 
c/scc  peak  in  the  same  two  subjects.  The  slight 
5 Hz  pe.il>  again  diminished  and  disappeared  as 
the  1000  ft  mark  was  approached  (Fig.  I). 

Otherwise  the  data  sue  test  that  there  was  no 
cojiristent  significant  increase  in  tremor  at  any 
of  the  three  rates  of  compression. 

F.t'.O  1 ape  rc«  ordetl  f.F.G  samples  were  fed 
into  a I*L)I‘  1‘J  computer  for  Fourier  frequence 
.analysis.  Analysis  sens  made  in  two  of  the  three 
subjects.  'I  he  most  essential  findings  s.  ere 
te.lucti  of  ail  frerjuei:- % bands  a*.  Sdl  ('  ait.! 
i.  ..  , ,•  -i..),  .’  aVies,  era!  m 





IV  CQ**»  C70-  *70’  i.O'X/  ElO'  1.000'  870‘  1.000 

COMOWlON 


Mj.  />*i  *%.  1 .*  110  ort  r-’hf rrl jin »l  f .1  S70  ft  c 10^0  fl, 


aJIy  iii  the  <t>  So  wijf,  bui  often  nearer  dilioii  at  870  ft;  no  suth  increairv  were  ever 
• 0*1“  in  both  i>.  Sulijut  <7  l>  (f  itj.  2i  mu  in  subject  (•  B s profiles.  Delta  frequencies 

>i  •'  •:  * - ■%•-•! . nr  the  ir.  t«»-i .«!  .i]>;km:x!  tube  more  ioi»tant  than 

* * s : - . 1 * i ♦ • . 1. 1 ! : ■ ■*  ",  ■ ■ 1 -°  * !•  >•  ■>  K * * ’ l:»*  ,!*  ; <:  %'  if  T'  e • 1 i ,it 

*i  I ,t  u •*!  Jt  . •*.  ! , ' . .. 

(S-  lit  /»t«  i ■>  ■!  M-'Ita  ’ l*i  i.  > > > i . ( • r-i:  • r_  :•> 

in  ioil.H'l  t\  in  tin1  oo  t I • ■ in  -!i;ni  at  ,S7<  1;  iml  7r.  ft. 'Ihcw  indn  atcii  a 


TtibU  /,  /Y’/J'f!:,  . «■  {fj'icitnty  Ha'.Hjl  //• . /»  l'.\> 
/WO  .■l/.'*1*  / it j lO'O  ft  >:t  5U 
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Mean 

15.67 

17.68 

10.33 

18.00 

Bcjrin^ 

S.D. 

♦3.79 

±1.33 

±3.51 

+3.61 

Pcj 

Mein 

2S.67 

33.67 

30.00 

32.67 

Board 

SJ3. 

±3.26 

=7.23 

±4.36 

+6.11 

Visual 

Mean 

47.00 

4S.00 

49.3 

40.33 

Andagy 

S.D. 

+.6.25 

±6.56 

±5.69 

+2.03 

Arilh. 

Mean 

11.00 

8.67 

8.00 

10.67 

Correct 

SJD. 

*5.57 

±8.96 

±8.71 

±8.08 

dccr^iT 

5*. 

aje  3 from  5.6 

% of  total  at  76  ft. 

to  2.4%  it  870  ft  -tr.d  an  abolition  of  Stage  4 at 
870  ft  compared  with  16.3%  at  7G  ft.  Total 
deep  time  and  RLM  sleep  were  equal  over  the 
two  I- * gh 1 * . .turrasc  of  8%  in  Stage  2 at  870 

ft  meari  :1 -.a:  this  stage  was  increasing  at  the 
expense-  of  th<-  rteepet  sleep  stages. 

P t r/ii-  -ion  - The  hall  bearing  test  indi- 

cated a • rh:  bn:  no:  significant  f«ll  of  ef- 
ficiency or.iy  tiu;ii:g  each  of  the  initial  tests  on 
arrival  a:  crp'h.  r-:.-.rJ!?>s  of  the  rate  of  com- 
pression. N r.~  •/.  ;h . other  tests,  including  the 
u.ndsis-.  .'.e-  :«.l-  * f.-iy  and  hand  tool  task 
indicated  a jsrifnrrr.ancr  de<remcdt  (Tahlc  I ). 

‘Ihc  t;-  t.ot.  task  has  been  shown 

rft’t-c  : i.  .is  .■>"  hyuerbaiiv  hrlnvior 

15.  : V 

At  me  870  ft  saturation. 

•"  1 rd  d:-.r  • ■ ..r  the  timing  behavior  was 

observe.:  in  a.  s.;b].-«i>.  When  this  occurred  the 
.'j  .ime  ir.r.te  v.as  consistently  over- 
e.t.m al-.-  i with  estimation  errors  increasing  by 
a.  i.  .•  ii-’.'Jv-,  s .if  the  results  were 

* . • i :-  i.tl-.f  ijs'-s  I'm-.: 

.1  . 1 

... . . r.1'  -.  .•(  ill.'  J,l  ; I 

• ...  ••:*.- :*;s'io:i. 


I'resi.ius  ieii-a:ch  (15)  at  300  It  or  less  has 
shown  that  shifts  in  such  timing  behavior  are  to 
a certain  extent  dependent  on  the  gas  mixture 
breathed.  Compressed  .sir  causes  an  under- 
estimate of  time,  i ten:*  a:i  'jvvre-.'iitvte  a.nJ  no 
change  with  helium,  liic  overestimate  in  the 
present  study  is  interesting  since  it  is  in  a 
direction  opposite  to  inert  gas  narcosis.  More 
research  is  needed  to  confirm  these  findings. 

Overall  these  results  permit  the  conclusion 
that  a standard  rate  of  compression  of  60 
ft/mir.  from  a saturation  depth  of  870  ft  to 
1000  ft  is  unlikely  to  precipitate  incapacitating 
HPNS.  Nevertheless  extrapolation  of  this  data  is 
not  justified  for  it  would  seem  that  the  deeper 
the  saturation  depth,  the  slower  must  be  the 
rate  of  compression. 

It  is  pertinent  that  in  the  1500  ft  RNPL 
dive,  confusion  and  a sense  of  impending  un- 
consciousness were  experienced  by  Bevan,  at 
1535  ft  during  recompression  From  1170  ft  in 
an  attempt  to  relieve  vestibular  decompression 
sickness  in  the  other  subject  (4.5).  Although  he 
had  spent  three  days  deeper  than  1000  ft,  he 
was  unable  to  tolerate,  even  with  a very  slow 
rate  of  compression  which  with  stages  totalled 
8 1/2  hours,  an  excursion  of  365  ft  from  1170 
ft. 

The  data  to  date,  however,  is  too  small  with 
too  fesv  subjects  to  permit  firm  statements  and 
it  is  evident  that  much  more  research  is  required 
in  this  critical  area,  with  careful  measurement  of 
the  PUNS  to  identify  the  operationally  opti- 
mum rates  of  compression  both  for  deep 
saturation  and  excursion  diving. 

A detailed  report  of  IIPNS  studies  during 
Deep  \\  >.rk  1000  will  appear  elsewhe'e  by 
Bennett,  P.  B.,  Batlir.wh,  A.J.,  lindii  . A.. 
Wi!/  us,  K.. and  Walsta.  J.M. 
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